We compared the cognitive functions and interictal cerebral glucose metabolism of 11 patients with mesial temporal lobe epilepsy (MTLE) with frequent seizures to those of 10 patients with MTLE with rare seizures; the groups were matched for age, sex, education, IQ, and focus side. The frequentseizure group had more set-shifting impairment that correlated with glucose hypometabolism in the prefrontal cortices. Our results suggest that frequent seizures in MTLE are associated with hypofunction of the prefrontal cortex.
Functional abnormalities outside the temporal lobe have been reported in patients with medically intractable mesial temporal lobe epilepsy (MTLE) using [ 18 F]-fluorodeoxyglucose (FDG) PET. 1 This is concordant with the widespread morbidity of cognitive function in patients with intractable MTLE. Among them, poor performance in the Wisconsin Card Sorting Test (WCST) or its modified version (MWCST) has been ascribed mainly to prefrontal hypofunction. 2 The mechanism of extratemporal dysfunction in intractable MTLE is uncertain. A depth EEG study showed that the ipsilateral prefrontal region is a common node of seizure propagation from the mesial temporal epileptic focus. 3 In addition, good seizure control after surgery in patients with previously intractable MTLE restores frontal lobe glucose metabolism. 4, 5 Based on these evidences, uncontrolled seizures in MTLE may result in the reversible suppression of prefrontal functions through neural connections from the temporal lobe. Therefore, we tested the hypothesis that uncontrolled seizures in MTLE are associated with region-specific cognitive or metabolic abnormality in the prefrontal cortex.
Methods. Detailed methods are available (appendix E-1 on the Neurology Web site at www.neurology.org). The subjects were right-handed patients who were clinically diagnosed with MTLE. We compared 11 patients with medically intractable seizures (frequent-seizure group) and 10 patients with rare seizures (rare-seizure group). Both groups were matched for age, sex, focus side, duration of epilepsy, education, and IQ (table) . The patients in the rare-seizure group were selected from the outpatients who had a relatively low IQ so that the general intellectual ability of the two groups could be matched. All clinical data are summarized in table E-1.
The patients underwent a comprehensive neuropsychological evaluation designed for MTLE (table E-2). For the MWCST, we used a previously described computerized version where the patients were taught the sorting rule in advance to minimize the aspect of abstract reasoning for discovering the rule and to focus on cognitive set shifting. 6 FDG-PET scans were performed using a General Electric Advance tomograph. Three-dimensional T1-weighted MRI scans were obtained using a Siemens 3-T MRI to determine the regions of interest (ROIs) on the superimposed PET images.
The FDG images of patients with left-sided MTLE were flipped horizontally, so that the epileptogenic zone was lateralized on the right side in all images. For the group-level assessment, the mean FDG image of each group was created. Voxel-wise group comparison was performed using SPM2 (Wellcome Department of Imaging Neuroscience, UCL, London, UK). A two-sample t test was used to investigate hypometabolic brain areas of the frequent-seizure group as compared with the rare-seizure group. ROI analyses were also performed by using the anatomic MRI of each patient. We obtained irregularly shaped ROIs based on the anatomy of their prefrontal, mesial temporal, lateral temporal, parietal, and occipital areas. The FDG-PET of each individual was coregistered onto each three-dimensional MRI image by using the mutual information algorithm implemented in SPM2. For each ROI, we calculated the regional glucose metabolic ratio that was normalized using the mean count of the occipital lobe ROI of each patient.
A two-sample t test was used for the statistical analyses of the clinical features, neuropsychological measures, and the ROI-based regional glucose metabolic ratios of the two groups. A Pearson correlation analysis was also performed between the neuropsychological score and the ROI-based regional glucose metabolism.
Results. The number of perseverative errors in the MWCST was larger in the frequent-seizure group than in the rare-seizure group (p Ͻ 0.05). A trend toward a difference was also observed in the Trail-Making Test ratio (p ϭ 0.12). There were no statistical differences between the two groups with regard to other neuropsychological batteries including memory function (table E-2).
The mean FDG-PET image of each group is displayed in figure 1A . When the voxel-wise analysis was used to compare the frequent-seizure group with the rare-seizure group, a significant decrease in glucose metabolism was identified in the ipsilateral middle frontal gyrus (BA 9/46), bilateral inferior frontal gyri (BA 45), and fontal poles (BA 10), particularly on the ipsilateral side of the focus ( figure  1B) . No significant differences were observed in the temporal lobe glucose metabolism between the groups. ROI anal-ysis revealed that the mean regional glucose metabolic ratios in the bilateral prefrontal areas were lower in the frequent-seizure group than in the rare-seizure group (p Ͻ 0.005 for the ipsilateral side, p Ͻ 0.05 for the contralateral side; table E-3). Although the mean regional glucose metabolic ratio in the lateral temporal areas on the ipsilateral side of the focus was lower in the frequent-seizure group than in the rare-seizure group, it was not significant (p ϭ 0.07).
Only in the bilateral prefrontal areas, the regional glucose metabolic ratios were lower as the number of perseverative errors in the MWCST was increased (ipsilateral side, r ϭ Ϫ0.57, p Ͻ 0.01; contralateral side, r ϭ Ϫ0.48, p Ͻ 0.05) (figure 2). However, no correlations were observed between the glucose metabolic ratios and the number of perseverative errors in any other brain areas tested in the present study ( figure E-1 ).
Discussion. The effect of seizure intractability on a specific cognitive function has not been well characterized. The present study showed that uncontrolled seizures in MTLE might be associated to a greater extent with the impairment of fluid intelligence such as cognitive set-shifting ability than with other cognitive functions including memory. This is in agreement with the results of a previous study in which chronological intraindividual changes in seizure frequency were shown to affect fluid intelligence more directly than memory function. 7 Intermittent bombardment of subclinical epileptic activity leads to interictal glucose hypometabolism outside the focus. 8 This effect is considered to occur via anatomic networks. Direct fiber connections are known to exist between the temporal areas adjacent to the hippocampus and the ipsilateral prefrontal areas. Projections from the parahippocampal gyrus to the frontal lobe terminate in the dorsolateral prefrontal cortex (BA 9 and 46) and the orbitofrontal cortex (BA 10). 9 In addition, in macaque monkeys, the inferior temporal cortex connects with the inferior frontal gyrus, including the BA 45 homologue. 9 These projection areas are consistent with the extratemporal hypometabolism topography observed in the present intractable group. This implies that extratemporal hypometabolism in intractable MTLE results from the propagation of epileptic activity from the temporal focus through the existing neural networks.
A previous report showed that seizure reduction after selective amygdalohippocampectomy correlates with the increase in glucose metabolism in the bilateral frontal lobes. 4 In most MTLE patients, seizure 10) . Note that the epileptic foci of all patients are localized on the right side (SPM2; height threshold, p Ͻ 0.001, uncorrected; extent threshold, 10 voxels). Figure 2 . Correlations between the number of the perseverative errors in the modified Wisconsin Card Sorting Test (PE in MWCST) and the regional glucose metabolic ratios. The regional glucose metabolic ratios were lower as the number of perseverative errors in the MWCST was increased in the prefrontal areas on both sides. There is no such correlation in the mesial temporal, lateral temporal, and inferior parietal areas ( figure E -1 activity spreads from the focus within the temporal lobe to the ipsilateral prefrontal region and then crosses over to the contralateral hemisphere through the forebrain commissures. 3 This can explain the alteration in glucose metabolism in the homologous parts of both the contralateral and ipsilateral prefrontal cortices in the frequent-seizure group.
Although the presence of functional deficit zones outside the temporal lobe in patients with MTLE has been discussed, region-specific cognitive hypofunction has not been well described. The WCST/MWCST is a complex problem-solving task, and not all of the underlying cognitive processes are attributable to one cerebral region. However, the set-shifting process that correlates with the number of perseverative errors in the present study is mainly ascribed to the lateral prefrontal cortices. 6, 10 Our results suggest that uncontrolled seizure in MTLE is associated with remote hypofunction of the prefrontal cortex, as reflected by regional glucose hypometabolism and region-specific cognitive impairment.
Finally, the present study has potential limitations because this is a cross-sectional study with a relatively small number of subjects. The influence of several variables other than seizure frequency on extratemporal hypofunction remains to be examined.
